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SOLID-STATE IMAGE PICK-UP DEVICE, 
DATA TRANSMISSION METHOD, AND 

IMAGE PICKUP APPARATUS 

TECHNICAL FIELD 

The present invention relates to a solid-state image pickup 
device and a data transmission method for reading captured 
image data from a solid-state image pickup element such as a 
C-MOS-type image sensor and transmitting the captured 
image data, and further relates to an image pickup apparatus 
employing a solid-state image pickup element such as a 
C-MOS-type image sensor. 

The present application claims priority from Japanese 
Patent Application No. 2006-182030 ?led Jun. 30, 2006, the 
content of Which is hereby incorporated by reference into this 
application. 

BACKGROUND ART 

In recent years, image sensors based on C-MOS-type semi 
conductor manufacturing processes (hereinafter, referred to 
as C-MOS image sensors) have been Widely put into practical 
use. A C-MOS image sensor can sequentially read pixel sig 
nals acquired from individual unit pixels 21 that are arranged 
tWo-dimensionally in, for example, In columns><n roWs. Spe 
ci?cally, in the C-MOS image sensor, In column signal lines 
for transmitting pixel signals generated from n unit pixels 21 
arranged in a vertical direction (referred to as a column direc 
tion) and n horiZontal selection lines for selecting m unit 
pixels 21 arranged in a horizontal direction are arranged in a 
grid-like manner. The C-MOS image sensor is an image 
pickup device for sequentially scanning, on a one-by-one 
basis, the unit pixels 21 ofm columns and n roWs via these 
column signal lines and horiZontal selection lines to generate 
image signals. 

In order to capture, With the use of such an image pickup 
device, high-quality images based on, for example, full HD 
(Full High De?nition) standards or the like, it is required to 
output more pixel data items per unit time from the C-MOS 
image sensor. Thus, the C-MOS image sensor needs to output 
pixel data items at a higher pixel rate. In the case of capturing 
image signals at a high pixel rate as described above, in order 
to achieve output to the outside at a transmission rate similar 
to a conventional transmission rate, the number of output 
terminals of the image pickup device needs to be increased. 
Thus, there is a problem in Which the circuit scale is 
increased. 

In order to solve such a problem, an idea of increasing the 
reading speed of pixel data items from the individual unit 
pixels 21 in the C-MOS image sensor and outputting image 
signals read at a high speed to the outside through a small 
number of output terminals can be considered. Here, in a case 
Where the reading speed of pixel signals from the individual 
unit pixels 21 is simply increased, the electric poWer con 
sumption Within the C-MOS image sensor and noise gener 
ated during reading are increased. 

In order to reduce the negative effects brought about by 
such an increase in the reading speed, a solid-state image 
pickup device for generating a high-speed clock from a loW 
speed clock, reading pixel data items for four pixels from a 
C-MOS image sensor on the basis of the loW-speed clock, and 
outputting the pixel data items through a plurality of differ 
ential transmission channels to the outside on the basis of the 
high-speed clock is suggested in Japanese Unexamined 
Patent Application Publication No. 2005-86224. 
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In the solid-state image pickup device suggested in Patent 

Document 1 described above, the C-MOS image sensor is 
operated on the basis of the loW-speed clock and an output 
side circuit for outputting pixel data items is operated on the 
basis of the high-speed clock. Thus, compared With a case 
Where all the processing blocks in the entire device are oper 
ated at high speed, a reduction in noise generated Within the 
C-MOS image sensor and suppression of the increase in the 
electric poWer consumption can be achieved. 

DISCLOSURE OF INVENTION 

Technical Problem 

The solid-state image pickup device described in Patent 
Document 1 described above performs transmission of image 
signals by driving differential ampli?ers, the number of 
Which is the same as that in a case Where image data With a 

high resolution and a high frame rate is transmitted, even in a 
case Where image signals in a loW-resolution and loW-frame 
rate data format are captured and transmitted. Thus, com 
pared With a solid-state image pickup device that performs all 
the processing operations from reading of pixel signals to 
outputting of image signals to the outside on the basis of the 
number of clocks at a relatively loW frequency, the electric 
poWer consumption is increased. 
A technical object of the present invention is suggested in 

vieW of the above-described current circumstances and is to 
provide a solid-state image pickup device, a data transmission 
method, and an image pickup apparatus for transmitting cap 
tured image data read from a solid-state image pickup ele 
ment to the outside of the solid-state image pickup element 
With reduced electric poWer. 
An embodiment of a solid-state image pickup device 

according to the present invention includes a solid-state 
image pickup element that reads, on the basis of a ?rst clock, 
captured image data items from unit pixels that are arranged 
tWo-dimensionally; a second clock generation unit that gen 
erates a second clock having an operating frequency higher 
than that of the ?rst clock; an arrangement processing unit 
that rearranges the captured image data items read from the 
solid-state image pickup element into bit data sequences; a 
data transmission unit that includes a plurality of differential 
ampli?ers for transmitting the bit data sequences rearranged 
by the arrangement processing unit through a plurality of 
differential transmission channels to the outside, the differ 
ential ampli?ers transmitting the bit data sequences to the 
outside on the basis of the second clock; and a control unit that 
drives differential ampli?ers, the number of Which is propor 
tional to a transmission speed at Which the captured image 
data items are transmitted to the outside. 

In addition, an embodiment of a data transmission method 
according to the present invention for outputting, through a 
plurality of differential transmission channels to the outside, 
captured image data items read from a solid-state image 
pickup element in Which unit pixels are arranged tWo-dimen 
sionally includes rearranging the captured image data items 
read from the solid-state image pickup element into a prede 
termined number of bit data sequences; generating a second 
clock having an operating frequency higher than that of the 
?rst clock; driving differential ampli?ers, the number of 
Which is proportional to a transmission speed at Which the 
captured image data items are transmitted to the outside; and 
transmitting, for the individual driven differential ampli?ers, 
each of the rearranged bit data sequences to the outside on the 
basis of the second clock. 
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Furthermore, an embodiment of an image pickup appara 
tus according to the present invention includes an image 
pickup processing section that reads, on the basis of a ?rst 
clock, captured image data items from a solid-state image 
pickup element in Which unit pixels are arranged tWo-dimen 
sionally, and an image processing section that performs pre 
determined data processing on the captured image data items 
read from the image pickup processing section. The image 
pickup processing section includes a second clock generation 
unit that generates a second clock having an operating fre 
quency higher than that of the ?rst clock; an arrangement 
processing unit that rearranges the captured image data items 
read from the solid-state image pickup element into a prede 
termined number of bit data sequences; a data transmission 
unit that includes a plurality of differential ampli?ers for 
transmitting the bit data sequences rearranged by the arrange 
ment processing unit through a plurality of differential trans 
mission channels to the outside, the differential ampli?ers 
transmitting the bit data sequences to the outside on the basis 
of the second clock; and a control unit that drives differential 
ampli?ers, the number of Which is proportional to a transmis 
sion speed at Which the captured image data items are trans 
mitted to the image processing section. 

The present invention operates the solid-state image 
pickup element on the basis of the ?rst clock and operates an 
output-side circuit for outputting pixel data on the basis of the 
second clock having a high frequency. Thus, in the present 
invention, since more captured image data items are output 
per unit time Without increasing the speed of the operation for 
the captured image data items by the solid-state image pickup 
element, noise generated inside the solid-state image pickup 
element can be reduced in a case Where data having a high 
image quality is output. 

In addition, in the present invention, differential ampli?ers, 
the number of Which is proportional to the transmission speed 
at Which the captured image data items are transmitted to the 
outside, are driven, and the individual bit data sequences are 
transmitted to the outside by the driven differential ampli?ers 
on the basis of the second clock. 
As described above, in the present invention, since cap 

tured image data items are transmitted through differential 
transmission channels to the outside, unnecessary radiation 
occurring at the time When data is transmitted can be reduced. 
In addition, since a minimum necessary number of differen 
tial ampli?ers are driven in accordance With the image quality 
of image data, captured image data can be transmitted With 
reduced electric poWer, irrespective of the image quality of 
captured image data to be transmitted. 

Further technical objects of the present invention and spe 
ci?c advantages achieved by the present invention Will 
become more apparent from the embodiments described 
beloW With reference to the draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram schematically shoWing the con 
?guration of a video camera 1. 

FIGS. 2A and 2B are illustrations shoWing operations 
inside video cameras changing in accordance With an image 
pickup mode. 

FIG. 3 is an illustration shoWing a circuit board of a 
C-MOS image sensor. 

FIG. 4 is an illustration shoWing a circuit board of a 
C-MOS image sensor. 

FIG. 5 is a schematic diagram shoWing the con?gurations 
of an image pickup device and an image processing device. 
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FIG. 6 is an illustration shoWing a reference clock CLKO 

and a high-speed clock CLKl. 
FIG. 7 is an illustration shoWing differential transmission 

processing for bit data in a still-image image pickup mode. 
FIGS. 8A and 8B are illustrations shoWing differential 

transmission processing for bit data in an HD moving-image 
recording mode. 

FIGS. 9A and 9B are illustrations shoWing differential 
transmission processing for bit data in a monitoring mode. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, best modes for carrying out the present inven 
tion Will be described in detail With reference to the draWings. 
In the embodiments described beloW, the present invention is 
applied, for example, to an image pickup apparatus (herein 
after, simply referred to as a video camera 1) for capturing an 
image of a subject by using a solid-state image pickup ele 
ment. 

The video camera 1 includes, as shoWn in FIG. 1, a lens unit 
10, an image pickup device 100 constituted by a C-MOS 
(Complementary Metal Oxide Semiconductor) image sensor 
110 and a data output section 120, an image processing device 
200, a memory 300, a system controller 400, a storage 
medium 500, and a display unit 600. 

In the lens unit 10, a focus lens, a Zoom lens, a diaphragm, 
and a driving part for driving these lenses are provided. In 
addition, the lens unit 10 receives light of a subject image to 
form the image on a light-receiving surface of the C-MOS 
image sensor 110. 
The image pickup device 100 is constituted by the C-MOS 

image sensor 110, Which receives light of a subject image to 
generate captured image data, and the data output section 
120, Which outputs the captured image data generated by the 
C-MOS image sensor 110 to the image processing device 
200. 
The C-MOS image sensor 110 has unit pixels 21 that are 

arranged tWo-dimensionally on the light-receiving surface 
thereof, and each of the unit pixels 21 performs photoelectric 
conversion of focused light to output an electric signal. Then, 
the C-MOS image sensor 110 reads an electric signal from 
each of the unit pixels 21 and converts the read electric signal 
into, for example, a pixel data item of 10 bits. In addition, the 
C-MOS image sensor 110 includes ampli?ers for realiZing 
four parallel outputs of electric signals in column lines. That 
is, the C-MOS image sensor 110 outputs four parallel pixel 
data items per unit time. 
The data output section 120 includes output terminals for a 

total of ten channels for outputting bit data in a serial format. 
The data output section 120 transposes four parallel pixel data 
items output from the C-MOS image sensor 110 into bit data 
sequences in a serial format, and the bit data sequences in the 
serial format are output from individual channels. That is, the 
image pickup device 100 transmits, from the data output 
section 120 to the image processing device 200, captured 
image data items as bit data sequences in the serial format. 
The image processing device 200 rearranges bit data 

sequences in the serial format supplied from the image pickup 
device 100 into pixel data items in units of pixels. Further 
more, the image processing device 200 arranges pixel data 
items tWo-dimensionally to generate image data for each 
screen, and supplies the generated image data to the memory 
300 so that the image data is stored in the memory 300. 

In addition, the image processing device 200 reads image 
data temporarily stored in the memory 300, performs adjust 
ment, such as gamma correction and White balance control, 
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on the read image data, and converts the data format of the 
image data into a format for a storage medium, a display, or 
the like. Furthermore, the image processing device 200 sup 
plies the image data to the storage medium 500 and the 
display unit 600. As described above, image data captured by 
the video camera 1 is stored in the storage medium 500, such 
as, for example, a hard disk or a ?ash memory, and is dis 
played on the display unit 600 constituted by an LCD (Liquid 
Crystal Display), organic EL (Electroluminescence), or the 
like. 

The system controller 400 supplies a reference clock 
CLKO to each device of the video camera 1. Note that as 
shoWn in FIGS. 2A and 2B, the reference clock CLKO 
changes its operating frequency in accordance With an image 
pickup mode. Speci?cally, the system controller 400 gener 
ates a reference clock CLKO having a high operating fre 
quency in a case Where the pixel rate of image data is fast and 
generates a reference clock CLKO having a loW operating 
frequency in a case Where the pixel rate of image data cap 
tured is sloW. 

In addition, the system controller 400 controls these pro 
cessing units. In particular, in the video camera 1 according to 
this embodiment, the system controller 400 supplies, to the 
data output section 120, a control instruction corresponding 
to an image pickup mode selected at the time When an image 
of a subject is captured, and sWitches the number of channels 
for output terminals to be used in the data output section 120. 

Here, in this embodiment, for example, there are a total of 
four types of image pickup modes, Which are determined by 
classi?cation according to the pixel rate (M Pixel/ s). That is, 
these image pickup modes are a still-image recording mode 
(432 [M Pixel/s]), an HD (High De?nition) moving-image 
recording mode (108 [M Pixel/s]), an SD (Standard De?ni 
tion) moving-image recording mode (54 [M Pixel/s]), and a 
monitoring mode (27 [M Pixel/s]) in the descending order of 
the number of pixel data items (pixels) supplied per unit time 
from the image pickup device 100 to the image processing 
device 200. 

In a conventional video camera, as shoWn in FIG. 2A, a 
processing unit corresponding to the data output section 
alWays uses output terminals of a total of ten channels, irre 
spective of the image pickup mode. Thus, in the conventional 
video camera, the bit rate per channel changes according to 
the image pickup mode. 

MeanWhile, in the video camera 1 according to this 
embodiment, as shoWn in FIG. 2B, the system controller 400 
changes, according to the image pickup mode, the number of 
channels for output terminals to be used in the data output 
section 120. 

In this embodiment, the con?gurations of the image pickup 
device 100 and the image processing device 200 are described 
in detail While processing for selecting the number of chan 
nels to be used for the output terminals described above is 
focused on. 

First, the con?guration of the C-MOS image sensor 110 
Will be described With reference to FIG. 3. 

The C-MOS image sensor 110 includes, as shoWn in FIG. 
3, the plurality of unit pixels 21 that are arranged tWo-dimen 
sionally in m columns><n roWs and In column signal lines 
(22-1, 22-2, . . . , 22-m) for transmitting electric signals output 
from the individual unit pixels 21. In addition, the C-MOS 
image sensor 110 includes n horizontal selection lines 23 
(23-1, 23-2, . . . , 23 -n) connected to m unit pixels 21 arranged 
in the horizontal direction and a horizontal address selection 
circuit 24 for supplying selection signals to the n horizontal 
selection lines 23. 
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The C-MOS image sensor 110 includes four column 

ampli?ers 25 (25-1, 25-2, 25-3, 25-4), In column selection 
sWitches 26 (26-1, 26-2, . . . , 26-m) connected to the indi 

vidual column signal lines 22, a vertical address selection 
circuit 27, and four analog/ digital (A/D) converters con 
nected to output terminals of the individual column ampli?ers 
25. 
The In column signal lines 22, Which are grouped into sets 

of a number of lines (four lines) corresponding to the column 
ampli?ers 25, are individually connected through corre 
sponding column selection sWitches 26 to corresponding col 
umn ampli?ers 25. That is, among the sets of four lines, the 
?rst column signal lines 22 (22-1, 22-5, . . . , 25-(n-3)) are 
connected to the column ampli?er 25-1 through the corre 
sponding column selection sWitches 26. The second column 
signal lines 22 (22-2, 22-6, . . . , 25-(n-2)) are connected to the 
column ampli?er 25-2 through the corresponding column 
selection sWitches 26. The third column signal lines 22 (22-3, 
22-7, . . . , 25-(n-1)) are connected to the column ampli?er 

25-3 through the corresponding column selection sWitches 
26. The fourth column signal lines 22 (22-4, 22-8, . . . , 25-n) 
are connected to the column ampli?er 25-4 through the cor 
responding column selection sWitches 26. 

The vertical address selection circuit 27 generates column 
selection signals for turning on and off the column selection 
sWitches 26. The vertical address selection circuit 27 controls, 
for each set constituted by four column signal lines 22, tum 
ing on and off of the column selection sWitches 26. When a 
column selection sWitch 26 is turned on, electric signals out 
put from the unit pixels 21 connected to the column signal line 
22 are supplied to a corresponding column ampli?er 25. 
A/ D converters 28 digitize electric signals ampli?ed by the 

column ampli?ers 25 and output 10-bit pixel data perpixel. In 
addition, the output terminal of each of the A/D converters 28 
is connected to the data output section 120 via a total of ten 
signal lines corresponding to individual bit data items consti 
tuting pixel data. For example, at each of the timings When a 
pulse signal based on the reference clock CLKO rises and 
falls, 1-bit data is output. 

In addition, concerning the C-MOS image sensor 110, the 
operating frequency of the reference clock CLKO supplied 
from the system controller 400 is different according to the 
image pickup mode, as described above. Thus, the C-MOS 
image sensor 110 outputs pixel data at fast timings in a case 
Where an image pickup mode at a high pixel rate is selected 
and outputs pixel data at sloW timings in a case Where an 
image pickup mode at a sloW pixel rate is selected. 

Note that as shoWn in FIG. 4, A/D converters 29 may be 
inserted in the individual column signal lines 22 so that a 
C-MOS image sensor 110 that directly outputs digitized pixel 
data from the column signal lines 22 can be used. Altema 
tively, the C-MOS image sensor 110 may output 1-bit data at 
every timing When a pulse signal based on the reference clock 
CLKO rises. 
As described above, the C-MOS image sensor 110 captures 

an image of a subject and supplies four parallel pixel data 
items per unit time through a total of forty signal lines to the 
data output section 120. 

Next, the con?gurations of the data output section 120 and 
the image processing device 200 Will be described With ref 
erence to FIG. 5. 

The data output section 120 performs the data processing 
described beloW on four parallel pixel data items input from 
the C-MOS image sensor 110 through the total of forty signal 
lines, and supplies captured image data to the image process 
ing device 200 through at most ten differential transmission 
channels via the output terminals. Since pixel data items are 
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output through at mo st ten differential transmission channels 
as described above, in the data output section 120, the number 
of output terminals for outputting data to the outside of the 
solid-state image pickup device 100 is reduced. In accordance 
With this, the number of signal lines alloWing connection 
betWeen the solid-state image pickup device 100 and the 
image processing device 200 is reduced. Compared With a 
case Where a total of forty signal lines are directly connected 
from the image pickup device 100 to the image processing 
device 200, the circuit scale as the entire apparatus can be 
signi?cantly reduced. 

Speci?cally, the data output section 120 includes a fre 
quency multiplying circuit 121 for generating a high-speed 
clock CLKl by performing multiplication of the reference 
clock CLKO, a rearrangement processing unit 122 for rear 
ranging four parallel pixel data items supplied from the 
C-MOS image sensor 110 into bit data sequences in a parallel 
format, a parallel/ serial conversion unit 123 for converting the 
bit data sequences rearranged by the rearrangement process 
ing unit 122 into a serial format, data transmitters 124 (124-1, 
124-2, . . . , 124-10) of a total often channels for transmitting 

the bit data sequences in the serial format converted by the 
parallel/serial conversion unit 123 to the image processing 
device 200, and a clock transmitter 125 for transmitting the 
high-speed clock CLKl generated by the frequency multiply 
ing circuit 121 to the image processing device 200. 

Here, each of the data transmitters 124 (124-1, 124-2, . . . , 

124-10) and the clock transmitter 125 are differential ampli 
?ers and are connected to the image processing device 200 
through differential transmission channels each formed by a 
pair of tWo signal lines. 

Speci?cally, the clock transmitter 125 transmits the high 
speed clock CLKl by using tWo pulse signals having opposite 
phases. Each of the data transmitters 124 also transmits bit 
data by using tWo pulse signals having opposite phases. 

The image processing device 200 includes data receivers 
201 (201-1, 201-2, . . . , 201-10) ofa total often channels for 
receiving pulse data sequences in a serial format transmitted 
through differential transmission channels, a clock receiver 
202 for receiving the high-speed clock CLKl transmitted 
from the clock transmitter 125 of the data output section 120, 
a frequency demultiplying circuit 203 for generating a clock 
that is in synchroniZation With the high-speed clock CLKl 
received by the clock receiver 202, a serial/parallel conver 
sion unit 204 for converting the bit data sequences in the serial 
format received by the individual data receivers 201 into bit 
data sequences in a parallel format, a data boundary detection 
unit 205 for detecting the boundary of individual pixel data 
items from the bit data sequences in the parallel format, a 
rearrangement processing unit 206 for forming pixel data 
from captured image data on the basis of the boundary 
detected by the data boundary detection unit 205, and a syn 
chronous code detection unit 207 for detecting synchronous 
code contained in the pixel data formed by the rearrangement 
processing unit 206. 

Here, the data receivers 201 and the clock receiver 202 are 
differential ampli?ers. The data receivers 201 and the clock 
receiver 202 receive bit data expressed by pulse signals trans 
mitted from the data transmitters 124 and the clock transmit 
ter 125 of the data output section 120, respectively. 

In addition, in a case Where captured image data is trans 
mitted from the image pickup device 100 through differential 
transmission channels to the image processing device 200, 
the in?uence of common mode noise is less likely to be 
received, compared With a single transmission method. Thus, 
in a differential transmission method, even if the amplitude of 
a signal is reduced, data can be transmitted reliably compared 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
With the single transmission method. Therefore, by the 
amount corresponding to a reduction in the amount of signal 
components compared With a case Where captured image data 
is transmitted in the single transmission method, the data 
output section 120 can increase the data transmission speed. 
Since the increase in the data transmission speed can be 
achieved as described above, bit data can be transmitted on 
the basis of the high-speed clock CLKl, Which is generated 
by the frequency multiplying circuit 121. 

Here, as shoWn in FIG. 6, the high-speed clock CLKl is 
obtained by multiplying a pulse interval T of the reference 
clock CLKO by 1A and is in synchroniZation With the refer 
ence clock CLKO. The high-speed clock CLKl is supplied to 
each of the parallel/ serial conversion unit 123 and the clock 
transmitter 125. 

In addition, the high- speed clock CLKl is transmitted from 
the clock transmitter 125 through a differential transmission 
channel to the clock receiver 202 of the image processing 
device 200. The frequency demultiplying circuit 203 demul 
tiplies the high-speed clock CLKl received by the clock 
receiver 202 to generate a high-speed clock CLK2 and a 
loW-speed clock CLK3 that are in synchronization With the 
high-speed clock CLKl and the reference clock CLKO, 
respectively, and supplies the high-speed clock CLK2 and the 
loW-speed clock CLK3 to each processing unit. Here, the 
high-speed clock CLK2 is obtained by multiplying a pulse 
interval of the loW-speed clock CLK3 by 1/4. As described 
above, in the image processing device 200, synchroniZation 
With respect to the image pickup device 100 can be achieved 
on the basis of the high-speed clock CLK2 and the loW-speed 
clock CLK3. 

Furthermore, in response to a control instruction supplied 
from the system controller 400, the data output section 120 
selects the number of channels to be used for output termi 
nals, that is, data transmitters 124 supplied With electric 
poWer to be driven, in accordance With an image pickup 
mode. Similarly, the image processing device 200 also selects 
data receivers 201 supplied With electric poWer to be driven, 
in accordance With the image pickup mode. As described 
above, operations of the data output section 120 and the image 
processing device 200 change in accordance With the image 
pickup mode. 

Then, a speci?c operation of each processing unit of the 
data output section 120 and the image processing device 200 
Will be described. Hereinafter, among the total of four types 
of image pickup modes shoWn in FIGS. 2A and 2B, three 
types of image pickup modes, the still-image recording mode 
(432 [M Pixel/s]), the HD moving-image recording mode 
(108 [M Pixel/s]), and the monitoring mode (27 [M Pixel/s]), 
are taken as speci?c examples. First, by setting an image 
pickup mode to the still-image recording mode (432 [M Pixel/ 
s]), an operation of each processing unit of the data output 
section 120 and the image processing device 200 Will be 
described in detail. 
The rearrangement processing unit 122 transposes four 

parallel pixel data items supplied from the C-MOS image 
sensor 110 into ten parallel bit data sequences. 

For example, as shoWn in FIG. 7, in a case Where four 
parallel pixel data items are de?ned as a ?rst pixel data item 
(Dl[l],Dl[2], . . . , Dl[l0]), a secondpixel data item (D2[l], 

D2[2], . . . , D2[l0]), a third pixel data item (D3[l], 

D3[2], . . . , D3[l0]), and a fourth pixel data item (D4[l],D4 
[2], . . . , D4[l0]), the rearrangement processing unit 122 

transposes the four parallel pixel data items into a ?rst bit data 
sequence (Dl[l], D2[l], D3[l], D4[l]), a second bit data 
sequence (Dl[2], D2[2], D3[2], D4[2]), and a tenth bit data 
sequence (Dl[l0], D2[l0], D3[l0], D4[l0]). Here, the rear 
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rangement processing unit 122 performs processing for trans 
posing four parallel pixel data items into ten parallel bit data 
sequences at each of the timings When a pulse signal based on 
the reference clock CLKO rises and falls. In addition, the bit 
data sequences are supplied from the rearrangement process 
ing unit 122 to the parallel/ serial conversion unit 123. 

The parallel/serial conversion unit 123 assigns individual 
bit data sequences to the data transmitters 124 corresponding 
to individual channels, as shoWn in FIGS. 8A and 8B. Then, 
the data transmitter 124 of each channel outputs data, on a 
bit-by-bit basis, at each of the timings When a pulse signal 
based on the high-speed clock CLKl rises and falls. For 
example, the ?rst bit data sequence is output from the trans 
mitter 124-1 inthe orderofD1[1], D2[1], D3[1], and D4[1] at 
individual timings When a pulse signal based on the high 
speed clock CLKl rises and falls. That is, concerning the 
entire data transmitters 124 for ten channels, pixel data for 
one pixel is output at each of the timings When a pulse signal 
based on the high-speed clock CLKl rises and falls. 

Bit data items output from each of the data transmitters 124 
are transmitted through a differential transmission channel to 
a corresponding data receiver 201 of the image processing 
device 200. The serial/parallel conversion unit 204 detects bit 
data items from a pulse signal transmitted to each of the data 
receivers 201 in accordance With each of the timings When a 
pulse signal based on the high-speed clock CLK2 rises and 
falls. Furthermore, the serial/parallel conversion unit 204 
supplies a plurality of bit data items read from each of the data 
receivers 201 as a bit data sequence to the data boundary 
detection unit 205 at each of the timings When a pulse signal 
based on the loW-speed clock CLK3 rises and falls. Here, 
since the loW-speed clock CLK3 corresponds to four periods 
of the high-speed clock CLK2, the serial/parallel conversion 
unit 204 supplies, to the data boundary detection unit 205, a 
total of ten bit data sequences in Which each sequence is 
constituted by four bits. 

The data boundary detection unit 205 detects the least 
signi?cant bit and the most signi?cant bit of each pixel data 
item from bit data sequences supplied from the serial/parallel 
conversion unit 204 at each of the timings When a pulse signal 
based on the loW-speed clock CLK3 rises and falls, and sup 
plies the bit data sequences including detection results added 
thereto to the rearrangement processing unit 206. 

The rearrangement processing unit 206 generates extended 
14-bit length pixel data per pixel from the bit data sequences 
supplied from the data boundary detection unit 205 at each of 
the timings When a pulse signal based on the loW-speed clock 
CLK3 rises and falls, and supplies the pixel data to the syn 
chronous code detection unit 207. 

The synchronous code detection unit 207 detects synchro 
nous code from each pixel data item supplied from the rear 
rangement processing unit 206 at each of the timings When a 
pulse signal based on the loW-speed clock CLK3 rises and 
falls. By this synchronization processing, synchronization 
can be achieved among a plurality of pixel data items consti 
tuting a screen. 

Then, in the image processing device 200, captured image 
data in Which synchronization can be achieved among pixel 
data items per screen is stored in units of screens in the 
memory. 
As described above, in a case Where image pickup is car 

ried out in the still-image image pickup mode, in the video 
camera 1 according to this embodiment, electric poWer is 
supplied to ten differential transmission channels so that the 
ten differential transmission channels are driven, and cap 
tured image data is supplied from the solid-state image 
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10 
pickup device 100 to the image processing device 200 at a 
data rate of 432 [M bps] per channel, similarly to the conven 
tional video camera. 

Next, processing for transmitting captured image data in a 
case Where an image pickup mode is set to the HD moving 
image recording mode Will be described With reference to 
FIGS. 8A and 8B. Note that the description of the data output 
section 120 and the image processing device 200 regarding 
processing similar to that in the still-image image pickup 
mode Will be omitted. 

In a case Where the image pickup mode is set to the HD 
moving-image recording mode, the rearrangement process 
ing unit 122 of the data output section 120 transposes four 
parallel pixel data items supplied from the C-MOS image 
sensor 110 into ?ve parallel bit data sequences each having 
eight bits. 

Speci?cally, concerning the ?ve parallel bit data 
sequences, the pixel data items are transposed into a ?rst bit 
data sequence (D1[1], D1[2], D2[1], D2[2], D3[1], D3[2], 
D4[1], D4[2]), a second bit data sequence (D1[3], D1[4], 
D2[3], D2[4], D3[3], D3[4], D4[3], D4[4]), . . . ,anda?fth bit 
data sequence (D1[9], D1[10], D2[9], D2[10], D3[9], 
D3[10], D4[9], D4[10]), as shoWn in FIG. 8A. Then, the ?ve 
parallel bit data sequences are transmitted through ?ve dif 
ferential transmission channels to the image processing 
device 200. 
As described above, in a case Where image pickup is car 

ried out in the HD moving-image recording mode, as shoWn 
in FIGS. 2A and 2B, electric poWer is supplied to ?ve differ 
ential transmission channels, and captured image data is sup 
plied from the solid-state image pickup device 100 to the 
image processing device 200 at a data rate of 216 [M bps] per 
channel. 

Meanwhile, in the conventional video camera, as shoWn in 
FIG. 8B, all the ten differential transmission channels are 
driven and captured image data is supplied from the solid 
state image pickup device 100 to the image processing device 
200 at a data rate of 108 [M bps] per channel. 

Thus, in the data output section 120 and the image process 
ing device 200 according to this embodiment, compared With 
the conventional video camera shoWn in FIG. 9B, captured 
image data is transmitted at a double-speed bit rate per chan 
nel. 

Next, processing for transmitting captured image data in a 
case Where an image pickup mode is set to the monitoring 
mode Will be described With reference to FIGS. 9A and 9B. 

In the video camera 1 according to this embodiment, as 
shoWn in FIG. 9A, four parallel pixel data items supplied 
from the C-MOS image sensor 110 are transposed into one bit 
data sequence by the rearrangement processing unit 122, and 
the one bit data sequence is transmitted through one differ 
ential transmission channel to the image processing device 
200. That is, in a case Where the image pickup mode is set to 
the monitoring mode, electric poWer is supplied to only one 
differential transmission channel. 
As described above, in a case Where image pickup is car 

ried out in the monitoring mode, as shoWn in FIGS. 2A and 
2B, one differential transmission channel is driven, and cap 
tured image data is supplied from the solid-state image 
pickup device 100 to the image processing device 200 at a 
data rate of 270 [M bps] per channel. 

MeanWhile, in the conventional video camera, as described 
above, captured image data is transmitted by using all the ten 
differential transmission channels. Speci?cally, in the con 
ventional video camera, as shoWn in FIG. 9B, compared With 
a case Where the video camera operates in other image pickup 
modes, a bit rate per channel is sloW. 
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Incidentally, since differential transmission systems in 
Which input/ output terminals serve as differential ampli?ers 
perform constant-current transmission, only a negligible 
change occurs in electric poWer consumption of the differen 
tial transmission systems in accordance With a transmission 
frequency. However, the electric poWer consumption of the 
differential transmission systems increases in proportion to 
the number of differential transmission channels used. 

Here, in the still-image recording mode, both the conven 
tional video camera and the video camera 1 according to this 
embodiment use ten differential transmission channels. Thus, 
electric poWer consumed by the video camera 1 according to 
this embodiment at the time of differential transmission of 
captured image data is equivalent to that in a conventional 
transmission method. That is, in a case Where the pixel rate of 
captured image data is fast, there is a limitation in the trans 
mission rate per channel and transmission processing is simi 
larly performed by using all the differential transmission 
channels. Thus, compared With the conventional video cam 
era, there is only a negligible difference in the amount of 
electric poWer consumption of the differential transmission 
systems. 

MeanWhile, in the HD moving-image recording mode, the 
conventional video camera uses ten differential transmission 

channels, Whereas the video camera 1 according to this 
embodiment uses ?ve differential transmission channels. 
Thus, the video camera 1 according to this embodiment can 
reduce the electric poWer consumed by the differential trans 
mission systems to almost half of that of the conventional 
video camera. 

Similarly, in the monitoring mode, the video camera 1 
according to this embodiment can reduce the electric poWer 
consumed by the differential transmission systems to about 
one tenth of that of the conventional video camera. 
As described above, the video camera 1 according to this 

embodiment drives the differential transmission systems for 
individual channels in such a manner that data is transmitted 
at a higherbit rate, irrespective of the image pickup mode, and 
captured image data is transmitted. In addition, the video 
camera 1 according to this embodiment transmits captured 
image data by using differential transmission channels, the 
number of Which is proportional to the pixel rate. Thus, the 
video camera 1 can reduce the number of differential trans 
mission channels to be driven and achieve a reduction in the 
electric poWer consumption in a case Where captured image 
data at a loW pixel rate is transmitted. 
As described above, since the video camera 1 transmits 

captured image data through differential transmission chan 
nels, the video camera 1 can reduce unnecessary radiation 
occurring at the time When data is transmitted. In addition, 
since the video camera 1 drives a minimum necessary number 
of differential ampli?ers in accordance With the image quality 
of image data, captured image data can be transmitted With 
reduced electric poWer, irrespective of the image quality of 
captured image data to be transmitted. 

Note that the present invention is not limited to only the 
above-described embodiment. Obviously, various changes 
can be made Without departing from the gist of the present 
invention. Speci?cally, although the differential transmission 
systems for transmitting pixel data from the image pickup 
device 100 to the image processing device 200 are ten differ 
ential transmission channels in the above-described embodi 
ment, the number of channels is not limited to this. In addi 
tion, although the high-speed clocks CLKl and CLK2 in this 
embodiment are obtained by multiplying the operating fre 
quency of a reference clock by four, the high-speed clocks 
CLKl and CLk2 are not limited to this. 
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The invention claimed is: 
1. A solid-state image pickup device comprising: 
a solid-state image pickup element that reads, on the basis 

of a ?rst clock, captured image data items from a plural 
ity of unit pixels that are arranged tWo-dimensionally; 

a second clock generation unit that generates a second 
clock having an operating frequency higher than that of 
the ?rst clock; 

an arrangement processing unit that rearranges the cap 
tured image data items read from the solid-state image 
pickup element into bit data sequences; 

a data transmission unit that includes a ?rst number of 
differential ampli?ers for transmitting the bit data 
sequences rearranged by the arrangement processing 
unit through a plurality of differential transmission 
channels to the outside, the differential ampli?ers trans 
mitting the bit data sequences to the outside on the basis 
of the second clock; and 

a control unit that drives a second number of the differential 
ampli?ers, the second number being different from the 
?rst number. 

2. The solid-state image pickup device according to claim 
1, Wherein the second clock generation unit generates the 
second clock, Which is obtained by multiplication of the 
operating frequency of the ?rst clock. 

3. The solid-state image pickup device according to claim 
1, Wherein the solid-state image pickup element reads pixel 
data items in a plurality of columns per unit time on the basis 
of the ?rst clock, and the arrangement processing unit rear 
ranges the pixel data items in the plurality of columns into the 
bit data sequences. 

4. A data transmission method comprising: 
providing a ?rst number of differential ampli?ers for trans 

mitting captured image data items to an outside, the 
captured image data items being read from a solid-state 
image pickup element on the basis of a ?rst clock, the 
solid-state image pickup element comprising a plurality 
of unit pixels arranged tWo-dimensionally; 

rearranging the captured image data items read from the 
solid-state image pickup element into a predetermined 
number of bit data sequences; 

generating a second clock having an operating frequency 
higher than that of the ?rst clock; 

driving a second number of the differential ampli?ers, the 
second number being different from the ?rst number; 
and 

transmitting the rearranged bit data sequences to the out 
side on the basis of the second clock. 

5. The method according to claim 4, further comprising: 
providing a ?rst number of differential transmission chan 

nels, Wherein the rearranged bit data sequences are 
transmitted through a second number of the differential 
transmission channels less than the ?rst number of the 
differential transmission channels. 

6. An image pickup apparatus comprising 
an image pickup processing section that reads, on the basis 

of a ?rst clock, captured image data items from a solid 
state image pickup element in Which unit pixels are 
arranged tWo-dimensionally, and 

an image processing section that performs predetermined 
data processing on the captured image data items read 
from the image pickup processing section, Wherein the 
image pickup processing section includes: 

a second clock generation unit that generates a second 
clock having an operating frequency higher than that of 
the ?rst clock, 
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an arrangement processing unit that rearranges the cap- 7. The image pickup apparatus according to claim 6, fur 
tured image data items read from the solid-state image they Comprising; 
Plckup element Into a Pmd?wrmln?d number Ofblt data a ?rst number of differential transmission channels con 
sequences, . . . . nectin the ima e icku rocessin section and the 

a data transm1ss1on umt that 1ncludes a ?rst number of g g p p p g 
differential ampli?ers for transmitting the bit data 5 Image processmg éecnon’ Wherem the blt delta 
Sequences rearranged by the arrangement processing sequences are ‘transmitted by the second number of dif 
unit to the outside, the differential ampli?ers transmit- ferémlal amPh?ers through a Second number of dlffer' 
ting the bit data Sequences to the Outside on the basis Of ent1al transm1ss1on channels less than the ?rst number of 
the second clock, and the differential transmission channels. 

a control unit that drives a second number of differential 
ampli?ers, the second number being different from the 
?rst number. * * * * * 


